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Specification 

1. Title of the Invention 

Ceramic Spray Coating Formation Method 

2. Scope of Claims , 

1) It is a ceramic spray coating formation method wnicn is 
characterized by the spraying of nickel - aluminum alloy, 
containing aluminum 4 - 22 % by weight; nickel - chrome alloy, 
containing chrome 15 - 25 % by weight; or nickel - chrome- 
aluminum, containing chrome 15 - 25 % by weight; or 
aluminum 4 - 22 % by weight, as the bonding layer on the aUoy 
backing material of aluminum or aluminum alloy that is heated to 
a temperature of 250° or up to 400^C, wherein subsequently 
ceramic material is sprayed on the said bonding layer. 

2) It is the method in paragraph 1 of the Scope of Claims 
paragraph which is characterized by the tact that the ceramic 
material is a fully stabilized zirconia series material. 

3 . Detailed Description of the Invention 
(Subject Matter of the Invention) 

The present invention is concerned with the method of forming 
a spray coating. 

1 



(Conventional Technology) 

A member of Jframcwork for internal combustion engines as 
required in order to endure continuous operation for long 
periods in a high temperature state; and moreover, mechanical 
strength, as well as resistance to heat and corrosion are required 
because it experiences a thcrmocycle, and in piston materials 
there is a high demand for spray coating with peeling resistance, 
particularly when using a thermal spray material for items such as 
the piston head of an internal combustion engine. 

For example, although at first there is a spray coating of Ni - Cr 
alloy on a Ni base alloy backing material, followed by spraying of 
Zr02 series in a gas turbine, the disadvantage is that peeling of 
the spray coating commonly occurs while tbe turbine is being 

used. . r . . , 

In addition, the results of the practical use test of the piston 
material made of cast steel, which is conducted by spray coating 
with Ni - Cr alloy followed by spray coating with Zr02 whereby, 
as expected, peeling of the sprayed layer occurs, consequently 
demonstrate that the thickness of Zr02 should be made 
sufficiently thin to prevent peeling; however, this would require a 
sacrifice in thermal resistance and resistance to wear. 
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Furthermore, as a result of having tried the method m which 
thermal spraying is conducted with Zr02 for thermal insulataon 
following the bond-coating of Ni - Cr alloy or Ni - Al material on 
the surface of the piston made of Al alloy, it is known that this 
thermal spraying method will not be able to bear up to use 
because of peeling of tbe sprayed layer within a comparatively 
short time, as shown by a practical use engine test. 

The reason that such peeling occurs is that there is a difference 
in the coefficient of thermal expansion between the backing 
material and the oxide layer of the thermal spray finish layer. 
That is to say, if the coefficients of thermal expansion for each of 
the above materials are measured, the results such as those 
obtained in table 1 and-thc differences in the coefficients for 
thermal expansion of each material would be remarkable. 



(Table 1) 

Materials 


Coefficient of Linear 




Expansion 




(X10-6AD) 


Al Alloy of 




Al Alloy Piston 


18—24 


Cast Steel Backing Material 


11-12 


Ni Base Backing Material 


10-13 


Ni - Cr Spray Coating 


16.0 


Ni - Al Spray Coating 


15,0 


Zr02 Scries Spray Deposit 


9~H 



Patent Application Laid-open Disclosure SHOWA 61-207566 (2) 

As the table makes evident, in thermal spraying of Ni - Cr alloy 
on the Al alloy backing material followed by thermal spraying 
with Zr02 in each interval layer, there is a coefficient of thermal 
expansion difference of approximately (2-8) X 10-6/ degrees 
Celsius which leads to peeling of the coating. When examining 
this kind of peeling part, peeling is often recognized on the border 
of the surface between the backing material and the bonding 
layer. 

(Object of the Invention) 

The purpose of the present invention is to provide a ceramic 
spray coating formation method, which shows superior peeling 
resistance by improvement of the defects in said conventional 
technology^ _ 

(Constitution of the Invention) 

In this invention, it is the ceramic spray coating formation 
method, which is characterized by the fact that initially Ni - Cr 
alloy which contains Cr 15 - 25% by weight, Ni - Al alloy, which 
contains Al 4 - 22% by weight, or Ni - Cr - Al alloy comprising 
Ni - Cr alloy, wherein Al 4 - 22% by weight is added and 
thermally sprayed to form the bonding layer, and subsequently, a 
stabilized Zr02 series ceramic materia) is thermally sprayed on 
the surface of this bonding layer. 



The Al or Al alloy in the present invention includes pure Al, Al 
- Mg series, Al - Si series, Al - Mg - Si scries, Al - Si - Ca series, 
and Al - Si - Fe series. " " 

In addition, Ni - Cr alloy, Ni - Al alloy or Ni - Cr - Al alloy, 
which are used as base materials, are powders of comparatively 
coarse-grain in the range of 105-20 tx m respectively and the use 
of such powders is desirable for improving the bonding strength 
of these materials with, the ceramic spray coating. It is necessary 
to have: a quality of Cr that is 15-25% by weight in the Ni -Cr 
alloy; a quality of Al that is 4-22% by weight in the Ni - Al alloy; 
a quality of Al that is 4-22% by weight, and a quality of chrome 
that is 15-22% by weight in the Ni- Cr - Al alloy. However, 
according to experimental results, it has been verified that using 
Al -20% Si alloy, etc. as a base material has the great effect of . 
improving the bonding strength of the spray coating- 

In addition, Ni - Al alloy, and Ni - Cr - Al alloy refer to any of 
the composite powders, which are coated with Ni or N) - Cr alloy, 
ultra-fine granular powders of Ni, Cr, and Al, or metallic bond 
alloy powders of each component. 



One of the characteristic points of the present invention is that 
the thermal spraying of Al or Al alloy backing material is 
conducted on the said base material under the heating conditions 
of 250— 400<C as described above. As a result of the many 
experiments done by our inventors, it was ascertained that the 
heating effect at temperatures of lower than 250 °C is 
comparatively weak, and that temperatures higher than 400*C are 
not only undesirable for this invention because of softening 
deformation of the backing material but also because the 
improvement in the bonding strength of the spray coating reaches 
saturation at temperatures oyer 400t. Moreover, it is desirable 
to conduct bonding immediately after heating up the backing 
material to a r^rcdetermined temperature in a short period of time 
in order to avoiding deterioration of the backing material, 
especially when heating it at high temperatures over 350*0. A 
range of 0.05-0,2mm is suitable for the thickness of the bonding 
coat because the effect of thermal stress relaxation is weak when 
the thickness is under 0.05mm; on the other hand, once the 
thickness exceeds 0.2ram the processing cost of the thermal 
spraying only increases in cost, while an improvement in effects 
cannot be expected. 

Furthermore, in the present invention, it is desirable that the 
material for the ceramic thermal spray show excellent high 
temperature stability, and moreover, low heat conductivity, and 
furthermore, to have a thermal expansion coefficient that is as 
close as possible to that of the materials in both the metal for tbe 
backing material and the metal for the bonding material. 
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There are ceramic materials, such as alumina, mullite, fully 
stabilized zirconia, calcia, yttria, and magnesia which have these 
properties, of which fully stabilized zirconia is particularly 
suitable. 

A range of 0.2-1 Omm is the most suitable thickness for thermal 
spraying of ceramic material. A tbin coating, which is equal to 
or less than 0.2min, has the disadvantage of poor thermal 
insulation; whereas, with a thick coating equal to or more than 
1 .0mm a decrease in peeling resistance cannot be avoided . 

According to the method in the present invention, substances 
processed by thermal spraying, which are obtained by thermal 
spraying of oxide ceramic material following thermal spraying of 
the bonding material on the heated backing material become^such 
that peeling or cracking of the spray coating does not occur even 
if the substances are used for a long period of time in a 
thermocycle environment. Therefore, the reason for this is 
thought to be that the difference in the thermal expansion 
coefficient among the backing material, bonding material, and 
zirconia layer has become substantially closer, which is because 
of the adhesion between the heated backing material and bonding 
coat layer, which has become remarkably improved as a result of 
bonding layer adherence, as if the bonding layer had bitten into 
the backing material, causing expansion in comparison to the 
backing material that is not heated, and also because zirconia, 
which has a low thermal expansion coefficient, is tberrnosprayed 
on the bonding layer. 

7 



Bonding layer spray conditions: The quantity of Ar gas used as 
arc gas: 38Vrain, the used quantity of He gas as auxiliary gas: 
71/min, spraying distance: 110mm, spray coating thickness: 
O.lnun/min (Plasraadyne Corporation SG - 100 plasma thermal 
spraying gun was used) . 
Finish layer spray conditions: Ar gas: 331 / nun. He gas: 151/mir^ 
spraying distance: 90mm, spray coating thickness: 0.4mm 
(Plasmadyne Corporation SG - 100 plasma thermal spray gun was 
used) 

Thermal cycle test conditions: The processing which is repeated 
10 times involves the text piece being maintained in a furnace at 
400*0 for 20 minutes, followed by air-cooling. 
Tension test conditions: The test piece, in which the end face of 
the spray coated part and the material of another part of pure 
aluminum were adhered with Aralditc AT -1, was used for the 
tension test. 

Tcsl results: Each of the tests shows actual measurement values 
or the mean of five samples. 

(The following is left blank) 



The reason for using fully stabilized zirconia in the present 
invention is as follows. 

Fully stabilized zirconia has a structure which docs not show a 
sudden volume change by transformation from an ordinary 
temperature to a high temperature because more than several % of 
Y203, CaO, and MgO, etc. are added, whereas pure zirconia 
shows a sudden volume change at the specific temperature of 
heating or cooling due to transformation. In addition, zirconia is 
the most suitable material because it hardly causes problems, such 
as cracking on the coating of member of the framework 
experiencing thermocycle due to the feet that the thermal 
expansion coefficient of zirconia is close to metal. 

(Embodiment 1) 

Peeling resistance of the spray coating was studied on the test 
pieces, which were thermally sprayed with various kinds of oxide 
powder following the thermal spraying Ni -Cr alloy or Ni - Cr - 
Al alloy on the alloy backing materials of pure Al, Al - 13% Si 
alloy, and Al -15% Mg alloy that were heated to 2S0-400 c C.Spray 
conditions, thermal cycle test conditions and tension test 
conditions are shown as follows, and the test results are shown in 
table 2. 



8 
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fTable 2) 
Test Pieces 


Backing 
Materials 


Bonding Coat 


Finish Thermal Spraying 


Bonding Materials 


Backing Material Temperature 

°C 


1 
2 
3 
4 


Pure Al 
Al - 13% Si 
Al-1.5%Mg 
Al-13%Si 


Mi - 20% Cr 
Ni-18%Cr-6%Al 
Ni - 5% Al 
Ni - 20% Cr 


260 
340 
390 
310 


A1 2 0 3 ■ 2% Ti0 2 
Zr0 2 ' ) 2%Y 2 0 3 
Zr0 2 ' 7% CaO 
ZrCb ' 8% Y 2 0 3 


Test Pieces 


Peeling Strengttr- 
Kg / mm 2 


Tension Te 
-Average Strength 
Kg /mm 2 


Peeling Part 




1 
2 
3 
4 


2.4-2.8 
2.5 - 2.9 
2.4-3.1 
2.7-3.2 


2.59 
2.76 
2.74 
2.92 


Inside of the Finish Layer 
Same as above 
Same as above 
Same as above 
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(Comparative Example) 

Table 3 shows the thermal spraying and the test results 
according to the same method used in Embodiment 1, in which 
the same backing material and various kinds of bonding materials, 
were used and various kind of oxides without heating (he backing 
material or heating at a temperature less than 250^, or at a 
temperature equal to or more than 400t . 

(The following is left blank) 
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(Table 3) 

[" Test Pieces 


Backing 
Materials 


Bonding Coat 


Finish Thermal Spraying 


Bonding Materials 


Backing Material Temperature 
°C 


1 
2 
3 

4 


Pure Al 
Al -13% Si 
Al-13%Si 
Al - 1.5%Mg 


Ni-5%A1 
Ni-20%Cr 
Ni - 20% Cr 
Ni - 20% Al 


Normal Temperature 
120 
210 
420 


Zr0 2 • 8%Y 2 0 3 
Zr0 2 ■ 24% CaO 
Zr0 2 -7%Y 2 0 3 




Test Pieces 


Peeling Strength 
Kg /mm 2 


Average Strength 
Kg/mro 2 


Tension Test . — — 

Peeling Part 




1 
2 
3 
4 


2.4- 2.8 

2.5- 2.9 
2.4-3-1 
2-7-3.2 


2.59 
2.76 
2.74 
2.92 


Between Base Metal - Bonding, Inside of the Finish Layer 
Same as above 
Between Base Metal - Bonding, 
Inside of the Finish Layer 



As described above, according to Embodiment 1 and the 
JZ»S samples, the samples that were not heated, or n 
IhThTb^Ddm^coat was sprayed on the backing material in 
wS the ranS of heating Smperature of the present invention 
ZSZSZl i not only low^sile strength b^a^ 
SL^ion- however samples that were processed based on me 
JSSta^STSSW tensile strength small disperse 
prcsem mvenu^ we^cd the base matenal and 

SSf-SS within the finishing laye, 
anSSeiently the improvement of the peeling ^stance was 
clearly suggested. 

ES?SE2l the same thermospraying as Bmb«1 
No 4, and comparative sample example No. 2 j on the top of Lo 
Ex Al alloy piston of 50mm * in diameter, during intermittent 
f^7.0 hours operation and 1 how shut <™>^ 
«™*«line encine with conditions of 125 cc, 5000 cycie/min, 
2d£ a"eS darner did not show any abnormality such as 
SelSg Jacking on the spray coating f^"^ 
Spexation test. However, the latter showed approximately _30 A 
missing on the piston top spray coating by cxammatmn of the 
inside of the engine after the second cycle. 

13 



From the above-mentioned results, it is obvious that the peeling 
resistance of the spray coating formed by the above-mentioned 
resumed on Z method of the present invention is extremely 
good. 

Patent Applicant 
Showa Denko Co., Ltd. 

Agcnt(s) 

Seiichi Kikucbi, Patent Attorney 
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